Background MSB11022 is a proposed adalimumab biosimilar. Objectives To compare the efficacy, safety and immunogenicity of MSB11022 with reference adalimumab. Methods AURIEL-PsO was a double-blind randomized controlled equivalence trial, in which patients with moderate-to-severe chronic plaque-type psoriasis were randomized 1 : 1 to MSB11022 or reference adalimumab. The primary end point was ≥ 75% improvement in Psoriasis Area and Severity Index (PASI 75) at week 16, with a prespecified equivalence interval of AE 18%. Patients with a ≥50% improvement in PASI at week 16 were eligible to enter a double-blind extension period: patients receiving MSB11022 continued treatment, and patients receiving reference adalimumab were rerandomized 1 : 1 either to continue reference adalimumab or to switch to MSB11022. Other efficacy end points and safety, immunogenicity and pharmacokinetic parameters were evaluated at scheduled visits up to weeks 52 (efficacy and immunogenicity), 54 and 66 (safety). Results In total, 443 patients were randomized. The difference in PASI 75 response rates at week 16 between the treatment arms was À1Á9%, and the 95% confidence interval (À7Á8% to 4Á1%) was within the prespecified equivalence interval. No notable difference in the incidence of treatment-emergent adverse events was observed between treatment arms up to the end of the trial, and no new safety signals were observed. Following treatment switch at week 16, no clinically meaningful differences in safety or immunogenicity were seen between treatment arms through to the end of the observation period.
psoriatic arthritis, rheumatoid arthritis, inflammatory bowel diseases and ankylosing spondylitis.
• MSB11022 is a proposed adalimumab biosimilar that has shown structural and functional similarity to the reference product in an extensive analytical comparability exercise.
• MSB11022 has demonstrated bioequivalence and comparable safety and immunogenicity profiles in a phase I study in healthy volunteers.
What does this study add?
• This phase III study confirmed equivalent efficacy for MSB11022 and reference adalimumab in patients without any immunomodulation comedication in moderate-to-severe chronic plaque-type psoriasis at week 16. • The efficacy, safety and immunogenicity of MSB11022 and reference adalimumab were similar over the respective observation periods (week 52 for efficacy and immunogenicity, week 66 for safety).
• A switch from reference adalimumab to MSB11022 at week 16 did not impact efficacy, safety or immunogenicity.
Therapies targeting tumour necrosis factor (TNF)-a have been shown to provide significant clinical benefits to patients with immune-mediated inflammatory diseases. 1 Adalimumab is a fully human IgG1 monoclonal antibody that binds TNF-a with high affinity and specificity. 2 It is successfully used in clinical practice for the treatment of various chronic inflammatory diseases, including psoriasis, psoriatic arthritis, rheumatoid arthritis, inflammatory bowel diseases and ankylosing spondylitis. 3 Due to the high acquisition costs of biologics, strict reimbursement criteria are implemented in many countries, meaning that patients may not have access to biologics even if they meet the eligibility criteria recommended in national and international guidelines. 4, 5 However, as patents for biologics expire, the introduction of biosimilars will contribute to reducing drug costs and improving access to biologics. 6 Biosimilars are biological medicines highly similar in all essential aspects to a reference biological medicine already authorized. [7] [8] [9] [10] Regulatory approval of biosimilars requires evidence that the molecule is similar to the reference product in terms of structure, function, clinical efficacy and safety. [7] [8] [9] 11 MSB11022 (Idacio â ) is a proposed adalimumab biosimilar that has been shown to be structurally and functionally similar to reference adalimumab based on extensive analytical characterization. 12 pharmacokinetic bioequivalence of MSB11022 and reference adalimumab (both European Union and U.S.A. approved versions) has been shown in a phase I study. 13 Here we report results from the phase III AURIEL-PsO study, which was conducted to demonstrate equivalence in efficacy at week 16 and to compare the safety, immunogenicity and impact on quality of life (QoL) of MSB11022 with those of reference adalimumab in patients with moderate-to-severe chronic plaque psoriasis. As recommended by the European Medicines Agency, an equivalence study design was used in this study. 11 The impact of switching from reference adalimumab to MSB11022 and the effect of longer-term treatment were also evaluated through a single treatment switch at week 16 and an extended double-blind treatment period up to week 52, with a 4-month safety follow-up period.
Patients and methods
AURIEL-PsO was a multicentre, randomized, double-blind, parallel-group trial conducted from 16 February 2016 to 18
December 2017, with patients enrolled across 69 centres in North America, South America and Europe (NCT02660580).
Study population
The eligibility criteria were similar to those used for the pivotal studies of reference adalimumab in psoriasis. 14, 15 Adult patients with active but clinically stable moderate-to-severe chronic plaque-type psoriasis diagnosed ≥ 6 months before study baseline, who had previously received phototherapy or systemic psoriasis therapy or who were candidates for such therapies were enrolled. Moderate-to-severe psoriasis was defined as a Psoriasis Area and Severity Index (PASI) score ≥12, 16,17 a modified Physician's Global Assessment (PGA) score ≥ 3 (based on a scale of 0-4) 18 and ≥ 10% body surface area affected by plaque-type psoriasis. Patients must have had no evidence of active tuberculosis. Key exclusion criteria included topical therapy against psoriasis or phototherapy within 2 weeks of baseline, and previous use of biologics for the treatment of autoimmune disease (other than the use of no more than one of either etanercept or infliximab). Detailed exclusion criteria are listed in Appendix S1 (see Supporting Information). All patients provided written informed consent. The study was conducted in accordance with the current International Council on Harmonisation Good Clinical Practice and the Declaration of Helsinki and in compliance with local regulatory requirements. The study protocol was reviewed and approved by the independent ethics committee or institutional review board for each centre.
Study design
The trial consisted of four periods: a screening period, a double-blind core treatment period (weeks 1-16), a double-blind extension treatment period (weeks 16-52) and a 4-month safety follow-up period (from last dose of study drug to week 66). After the screening period, patients were randomized 1 : 1 to receive MSB11022 or reference adalimumab (Humira â ; AbbVie Inc., North Chicago, IL, U.S.A.; European Union authorized). Patients were stratified by previous systemic therapy use (pretreated vs. treatment naive), and pretreated patients were stratified by the type of systemic therapy received (biologic vs. nonbiologic). The allocation sequence was generated centrally by Cenduit (Nottingham, U.K.) using permuted blocks. The investigators enrolled patients by contacting the central interactive web response system, which assigned patients to their groups according to the allocation sequence.
MSB11022 or reference adalimumab was administered at an initial dose of 80 mg subcutaneously, followed by 40 mg every other week starting 1 week after the first dose. At week 16, patients who achieved ≥ 50% improvement in PASI from baseline (PASI 50) were eligible to enter the extension period. Patients initially randomized to receive MSB11022 continued treatment, and patients initially randomized to receive reference adalimumab were rerandomized in a 1 : 1 ratio either to continue reference adalimumab or to switch to MSB11022. Patients who failed to achieve PASI 50 at week 16 or at any subsequent visit were discontinued from the trial. A full safety and immunogenicity assessment was performed 4 weeks after the last dose of MSB11022 or adalimumab (week 54 for patients who completed the extended treatment period). Adverse events were also recorded at a safety follow-up 4 months after the last dose of study drug (Fig. 1 ). The CON-SORT statement for noninferiority and equivalence trials was used to report the results. 19 
Assessments
The primary end point was the PASI 75 response rate at week 16. The key secondary end point was the percentage change from baseline in PASI at week 16. Other PASI and PGA-related efficacy end points are described in Appendix S2 (see Supporting Information). QoL was assessed using the Dermatology Life Quality Index (DLQI), 20 EuroQoL 5-Dimensions 5-Levels (EQ-5D-5L), 21 Health Assessment Questionnaire Disability Index (HAQ-DI) 22 and Patient Global Assessment for Joints on a Visual Analogue Scale (PJA-VAS) 23 questionnaires. HAQ-DI and PJA-VAS were used for patients who also had psoriatic arthritis. Safety was assessed by monitoring for treatment-emergent adverse events (TEAEs) and serious adverse events. Adverse events of special interest were predefined as serious infections (those requiring hospitalization, those with fatal outcome or sepsis, or those requiring intravenous antibiotics or antimicrobials), latent tuberculosis infection and active tuberculosis.
Predose serum concentrations of MSB11022 and reference adalimumab were measured at weeks 1, 2, 14, 15, 24, 25, 32 and 33. Serum concentrations were quantified using a validated enzyme-linked immunosorbent assay in a central clinical laboratory. The incidence of antidrug antibodies (ADAs) was assessed using a highly sensitive and drug-tolerant validated bioanalytical method based on the Meso Scale Discovery Electrochemiluminescent platform (Meso Scale Diagnostics, Rockville, MD, U.S.A.). 13 The assay sensitivity was 86Á4 ng mL À1 with a drug tolerance of 250 lg mL À1 at the low positive control level of 129Á6 ng mL À1 . 13 
Statistical analysis
The primary efficacy analysis was based on the per protocol set, which consisted of all randomized patients who completed the study until week 16 without major protocol deviations. A sensitivity analysis was performed in the intention-to-treat (ITT) population, which included all randomized patients. Secondary end points were assessed in the per protocol and ITT populations. The safety population included all randomized patients who received a dose of MSB11022 or reference adalimumab. For the primary end point, MSB11022 and reference adalimumab were considered equivalent if the PASI 75 response rate for the MSB11022 arm was within AE 18% of the reference adalimumab arm after 16 weeks of treatment. The two treatment groups were compared using the two-sided 95% stratified Newcombe confidence interval (CI) for the difference in PASI 75 response rate. Therapeutic equivalence was established if the 95% CI was included in the prespecified equivalence interval. Equivalence margins were determined based on values reported in the literature and agreed with the regulatory authorities.
A sample size of 382 patients was calculated based on two assumptions. Firstly, an estimated response rate of 59% for the primary end point was assumed, based on a weighted mean of response rates observed for various patient populations in previous adalimumab studies. 14, 15, [24] [25] [26] [27] [28] [29] [30] [31] Secondly, no expected difference between EU approved reference adalimumab and MSB11022 was assumed following a single 80-mg dose of reference adalimumab at week 1 and a 40-mg dose every other week from weeks 2 to 16. 14, 15, [24] [25] [26] [27] [28] [29] 32 This sample size provided a 90% power for the equivalence margin of 18% and a type I error of 2Á5% (one sided).
For the per protocol set, little or no missing data were expected, so no imputation was performed. For the ITT analysis, patients with a missing PASI value at week 16 were classified as nonresponders. The key secondary end point of percentage change in PASI from baseline to week 16 was analysed using an analysis of covariance model, with treatment group and previous systemic therapy use as fixed factors, and baseline PASI as a covariate. Therapeutic equivalence for the key secondary end point was confirmed if the 95% CI of the least squares mean treatment difference was within the predefined interval of AE 15%. Additional details on the efficacy analyses are provided in Appendix S2 (see Supporting Information). 
Results

Demographics
In total, 443 patients were randomized (MSB11022, n = 222; reference adalimumab, n = 221) and included in the ITT population. Of these, 19 patients (8Á6%) in the MSB11022 arm and 30 patients (13Á6%) in the reference adalimumab arm were excluded from the per protocol set either due to not completing the 16- week study or due to major protocol violations. At week 16, 214 (96Á4%) patients continued receiving MSB11022 and 202 (91Á4%) patients from the reference adalimumab group were rerandomized either to continue receiving reference adalimumab (n = 101) or to transition to MSB11022 (n = 101). In the core treatment period, all except two patients (one per arm) received at least one administration of trial treatment and were included in the safety analysis set (Fig. 2) . The patient demographics and baseline characteristics are shown in Table 1 .
Efficacy
Primary end point
The PASI 75 response rate at week 16 was 89Á7% in the MSB11022 arm and 91Á6% in the reference adalimumab arm, with a treatment difference of À1Á9% (95% CI À7Á82 to 4Á07). As the 95% CI was contained within the prespecified equivalence interval (AE 18%), equivalent efficacy was shown ( Fig. 3) . Consistent results were reported in a sensitivity analysis performed on the ITT population ( Fig. 3) .
Key secondary end point
The least squares mean (AE standard error) percentage change in PASI from baseline to week 16 was À92Á1 AE 0Á86 with MSB11022 vs. À93Á0 AE 0Á87 with reference adalimumab. The treatment difference (least squares mean difference 0Á88%, 95% CI À1Á21% to 2Á98%) was contained within the prespecified interval (AE 15%) and so equivalence was confirmed ( Fig. 4) . Consistent results were reported in a sensitivity analysis performed on the ITT population ( Fig. 4) .
Other end points
At all scheduled visits up to week 52, the PASI response rates were comparable between the MSB11022, continued reference adalimumab and switch arms (Fig. 5 ). The percentage change in PASI from baseline to weeks 24 and 52, the time to achieve PASI 75, 90 and 100 and improvements in PGA at weeks 24 and 52 were also comparable between treatment arms (Table S1 ; see Supporting Information). Improvements in QoL scores at weeks 16, 24 and 52 were similar across treatment groups ( 
Pharmacokinetic results
Mean trough concentrations reached steady-state levels by week 2 (1 week after the initial dose) in all treatment arms (Fig. 6 ). Mean trough levels up to week 52 were comparable across the MSB11022, reference adalimumab and reference/ MSB11022 switch treatment groups.
Safety
The median duration of exposure was 15 weeks for both the MSB11022 and reference adalimumab arms during the 16week core treatment period. In both arms, the median number of injections in the core treatment period was nine. For the core and extended treatment periods, the median duration of exposure was 51 weeks in all treatment arms.
During the core treatment period up to week 16, a similar proportion of patients in the MSB11022 and reference adalimumab arms had at least one TEAE (MSB11022: n = 114, 51Á6%; reference adalimumab: n = 117, 53Á2%) (Table S3 ; see Supporting Information). From baseline to week 66, the proportions of patients with at least one TEAE were similar between the MSB11022 group (n = 173, 78Á3%), the continued reference adalimumab group (n = 92, 77Á3%) and the switch group (n = 76, 75Á2%) ( Table 3 ). The incidences of serious adverse events, treatment-related TEAEs, TEAEs of special interest, treatment discontinuations due to TEAEs, injection-site reactions and hypersensitivity reactions were similar between all three treatment arms through to week 66 (Table 3) .
One patient died during the study (in the continued reference adalimumab group in the extended treatment period); the death was reported to be due to an accident with subsequent cardiac failure, cerebral haematoma and brain oedema. This event was considered to be unrelated to trial treatment.
Immunogenicity
During the core treatment period, 88Á1% and 88Á4% of patients in the MSB11022 and reference adalimumab treatment arms had at least one positive ADA result, and 41Á1% and 42Á3% of patients in the MSB11022 and reference adalimumab arms, respectively, had a positive neutralizing antibody result. From baseline to week 52, the incidences of at least one positive ADA result were reported to be 93Á2%, 92Á1% and 94Á1% for patients in the MSB11022, continued reference adalimumab and switch treatment arms, respectively. For the three treatment groups, at least one positive neutralizing antibody result was reported for 63Á0%, 61Á4% and 58Á4%, respectively, of patients during that period. The immunogenicity results for the 52-week treatment period are summarized in Figure S1 (see Supporting Information). No differences in PASI 75 response rates by ADA status were observed at weeks 16, 24 and 52 ( Fig. S2 ; see Supporting Information). ADA-positive patients had lower serum concentrations of adalimumab than patients who were ADA negative in all three treatment arms, with similar concentration-time profiles for the MSB11022 and reference adalimumab groups ( Fig. S3 ; see Supporting Information).
Discussion
MSB11022 was shown to be equivalent to the reference adalimumab product after 16 weeks of treatment in terms of the primary end point of PASI 75 response rate, which is a clinically meaningful end point in clinical trials, and is considered by clinicians to be indicative of success in the treatment of 
The data are presented as the mean AE SD. DLQI, Dermatology Life Quality Index; EQ-5D-5L (VAS), EuroQoL 5-Dimensions 5-Levels (visual analogue scale); HAQ-DI, Health Assessment Questionnaire Disability Index; PJA-VAS, Patient Joint Assessment Visual Analogue Scale. DLQI and EQ-5D-5L were collected for all patients, and HAQ-DI and PJA-VAS were collected only for patients with psoriatic arthritis (MSB11022, n = 21; reference adalimumab, n = 9; reference/MSB11022 switch, n = 13).
patients with psoriasis. 33 Equivalence between MSB11022 and reference adalimumab was also shown for the secondary efficacy end points. The PASI 75 response rates observed in this study are higher than those seen in previous phase III adalimumab trials; 14, 34 however, they are in line with more recent studies, 35, 36 which may reflect the improved standard of care for patients with psoriasis. In AURIEL-PsO, the proportion of patients with moderate disease was 70Á0%, compared with previous studies ranging from 18Á6% to 65Á5%. 34, 35 Previous studies with greater proportions of patients with moderate psoriasis also showed higher response rates. 35, 36 In addition, patients with psoriasis with a higher BMI have previously been shown to be less responsive to adalimumab 31 or to discontinue earlier. 37 Therefore, the exclusion criteria in this study were designed to reduce the number of patients with a high body weight in order to increase the sensitivity of the population to show any differences between treatment arms. The mean weight of the study population was lower than in some previous trials establishing the efficacy of the reference product or other adalimumab biosimilars, 14, 38, 39 but it was similar to or higher than weights in other adalimumab trials. 15 Increases in the proportions of patients achieving PASI 90 and 100 from week 16 to 52 were also observed in all treatment arms. Again, this continued response may be due to the sensitive population selected for this trial. The efficacy results are supported by the QoL data, with no meaningful differences across treatment groups observed for any of the healthrelated QoL measures used in this study. Furthermore, the pharmacokinetic data were consistent with results from a phase I study, in which the median time to maximum observed serum concentration was approximately 191 hours (8 days) for MSB11022 and for reference adalimumab. 13 MSB11022 and reference adalimumab also showed comparable safety up to week 66, with no new safety signals observed. Immunogenicity was also similar between the two treatments, although the incidences of ADAs and neutralizing antibodies were considerably higher than those previously reported for reference adalimumab. 40 This likely reflects the fact that more sensitive and drug-tolerant assays were used in these studies than were used in previous studies with the reference product, 41 and is consistent with the higher immunogenicity rates reported in more recent studies of adalimumab. 42 Of note, it is reassuring that no differences in PASI 75 response rates were observed between ADA-positive and ADA-negative patients in this study. Although serum concentrations of adalimumab were lower in the ADA-positive subgroup, mean trough concentrations remained above 5000 ng mL À1 , which is considered to be within the therapeutic range. 43 The differences observed between ADA subgroups in serum adalimumab concentration were consistent between the two treatment arms up to week 52.
Patients who switched from reference adalimumab to MSB11022 at week 16 showed similarity in all efficacy, safety and immunogenicity end points assessed compared with patients who continued on MSB11022 or reference product throughout the trial. This is consistent with several previous studies that have shown no impact of switching, including multiple switches, from a TNF inhibitor reference product to a biosimilar and vice versa in inflammatory disease. [44] [45] [46] [47] The present study and analysis of switching data have some limitations. Most importantly, as its primary objective was to assess biosimilarity, the study was not powered for statistical comparisons of equivalence after switching. However, the study design was agreed with the regulatory authorities to meet the requirements of a therapeutic equivalence study and is consistent with the majority of biosimilar equivalence studies that incorporate a switch element. 10 Like all randomized controlled trials, generalizability of the results may be limited by the selection of a patient population which may be less heterogeneous than seen in clinical practice.
In conclusion, no clinically meaningful differences in efficacy, safety or immunogenicity were seen between MSB11022 and reference adalimumab up to 52 weeks of treatment in a highly sensitive population of patients with moderate-tosevere plaque-type psoriasis. No new or unexpected safety issues were reported, and the safety profiles of MSB11022 and reference adalimumab were similar to those reported in previous studies with reference adalimumab. A switch from reference adalimumab to MSB11022 at week 16 did not impact efficacy, safety or immunogenicity. The results presented here provide confirmation of the clinical similarity of MSB11022 and reference adalimumab and contribute to the totality of the evidence supporting MSB11022 as an adalimumab biosimilar.
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